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[57] ABSTRACT 
A method of manufacturing diaphragms which are 
sensitive to ?uoride ions, by depositing a poly-crystal 
line thin layer of dif?culty soluble ?uoride of 20 nm to 
5,000 nm thick by means of sputtering or vaporization 
onto a substrate at temperatures of above 280° C. 

7 Claims, N0 Drawings 
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METHOD OF PRODUCING 
FLUORIDE-SENSITIVE DIAPHRAGMS 

BACKGROUND OF THE INVENTION 

The present invention pertains to a method of manu 
facturing ?uoride-sensitive diaphragms which are em 
ployed as ion-sensitive electrodes in electro-analytic 
measuring practice. 

Ion-sensitive electrodes have been widely known in 
electroanalysis for the determination of the amounts of 
ions. Various ion-sensitive electrodes have been devel 
oped during last years for detecting a great number of 
various ions. 

In addition to known glass electrodes, LaF3-mono 
crystal electrodes have also shown very good sensitiv 
ity, high selectivity and stability. 
A non-porous diaphragm of difficultly soluble metal 

?uorides has been disclosed, for example in German 
Pat. No. 1,598,895. 
At the present time, only monocrystal structures of 

LaF3 with various dopings are used as ?uoride-sensitive 
diaphragms. Due to high resistance of LaF3 a doping 
has been necessary for monocrystal electrodes to im 
prove conductivity in general (with Europium ?uo 
ride). The reduction of thickness of the diaphragm to 
reduce resistance has, however, failed up to now and 
led to non-satisfactory mechanical stability. 
To use a LaFg-monocrystal electrode, a monocrystal 

has been up till now glued into a tube of non-conductive 
material. An electrolyte solution containing fluoride 
ions was fed into that tube and an electric contact was 
provided between the electrolyte and a reference elec 
trode. The utilization of such internal reference solution 
made the manufacture of electrodes dif?cult and has 
been often a cause for defects in the electrodes. 
The manufacture of monocrystal electrodes has been 

very expensive which led to high costs of the elec 
trodes. 

Tests have been conducted to overcome de?ciencies 
of LaFg-monocrystals. It has been proposed, for exam 
ple, to embed LaFg into a matrix of rubber, as disclosed 
in A. M. G. MacDonald, K. Toth, Anal. Chem. Acta 41, 
99, 1968. 
The utlization of LaFg-stampings and an electro 

chemical production of LaFg have been disclosed by G. 
Uhlmann, Dissertation A, LEUNA, Merseburg, 1981. 

All above described proposals were not carried 
through because sensitivity and long-time stability of 
monocrystal electrodes Were insuf?cient. Tests for a 
drain of potential from a LaF3 monocrystal have been 
carried out with an Ag/Ag F-contact. (T. A. Fjeldly, 
K. Nagy, J. Electrochem. Soc. 127, 1299, 1980). The 
manufacture of the contact by melting in inert gas has 
been, however, very expensive and this could not over 
come high costs of the improved LaF3-monocrystal. 

Research has been conducted, which showed that, in 
order to avoid the above disadvantages, poly-silicon 
conductive paths connected with the gate of the ?eld 
effect transistor have been coated with LaFg, whereby 
the whole structure up to the fluoride-sensitive area has 
been coated with photo varnish (see J. van der Spiegel, 
u.a., “Sensors and Actuators”, 4, 291, 1983). 
The disadvantages of this technical solution are an 

extremely large potential drift which practically did not 
permit the use of such electrodes and also insuf?cient 
sensitivity in an ion analysis. 
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SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
improved method of manufacturing ?uoride-sensitive 
diaphragms. 

It is another object of this invention to provide a 
method by which costs of electrodes or diaphragms 
would be substantially reduced. 

It is yet another object of the invention to provide a 
method of producing diaphragms which would be used 
for a ?uoride ion-analysis, without inner reference solu 
tions. 
These and other objects of this invention are attained 

by a method of producing ?uoride ion-sensitive dia 
phragms for ion-sensitive electrodes to be used for anal 
ysis of F--ions, comprising the steps of providing a 
substrate formed of metal, salts of this metal, semicon 
ductive or insulation material, or of a multi-layer struc 
ture; and depositing onto said substrate at substrate 
temperatures of above 200° C. a layer of dif?cultly 
soluble ?uoride by thermal vaporization or HF-sputter 
ing to obtain polycrystalline layer of the thickness of 20 
nm-5,000 nm. 
The thickness of the deposited layer may be between 

150 nm and 350 nm. 
The temperatures of the substrate may be between 

280° C. and 350° C. in said depositing step. 
The depositing step may be carried out with a vapori 

zation speed which is not greater than 0.5 nm/S-1. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention is based on the method of de 
positing thin conductive layers onto metal substrates by 
vaporization or HP sputtering. Polycrystalline diffi 
cultly soluble ?uorides, particularly ?uorides of lantha 
nide series or their mixtures, are deposited by thermal 
vaporization or H-F sputtering in form of a thin layer or 
coating onto a suitable substrate. 
The stable results and best analysis limits for F—-ions 

can be obtained by the utilization of LaF3. Particularly 
advantageous in the method proposed herein is the fact 
that due to a very small thickness of the ?uoride layer, 
deposited by vaporization or sputtering, in contrast to 
monocrystal electrodes, no doping for improving con 
ductivity is required. 
The thickness of the layer of the ion-sensitive dia 

phragm is in the range from 20 nm to 5,000 nm because 
no pore-free structures can be obtained for thinner lay 
ers, and thereby the producing of mixing potentials is 
possible. 
The optimal temperature of the substrate to which 

the ?uoride coating is applied for producing the dia 
phragm is from above 280° C. 
A great number of various materials can be used for 

substrates. These materials must have, however, outer 
surfaces of high qualities. The medium rough depth of 
the substrate should not exceed 50 nm in order to ensure 
compactness of the diaphragm and prevent potential 
instability. 
A boundary layer for the diaphragm can be formed of 

metal, salts of this metal, semiconductors or insulation 
coatings. The substrate can be also made as a multiple 
layer structure of these materials. 
For a satisfactory functin of the diaphragm the speed 

of vaporization is an important parameter. With vapori 
zation speeds below 0.5 nm/S*1 good results in repro 
ducible fashion can be achieved. It has been discovered 
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that the diaphragm manufactured under such condi 
tions, which is undoubtedly polycrystalline, has the 
sensitivity which completely corresponds to that of a 
monocrystal electrode. 
By the method of this invention a ?uoride-sensitive 

diaphragm is produced, which requires no inner refer 
ence solution for a potential drain and makes it possible 
to measure a potential change on the phase terminals of 
the diaphragm for detecting solutions via the substrate. 
The disguise of the drain of potential is easy to realize 

because only rigid components are available. 
If a metal or other conductive compound is provided 

as a boundary layer for the diaphragm the activity of 
?uoride ions in the solution being tested is determined 
directly by the measurement of the voltage between a 
series reference electrode—the solution being tes 
ted—-diaphragm—substrate by means of a single high 
resistance voltmeter. 
The diaphragms manufactured by the method of this 

invention have sensitivity of 57 mV per decade up to a 
?uoride ion-concentration smaller than l0—5 mol/liter. 
The selectivity of such diaphragms corresponds to that 
of the LaF3-monocrystal. The long-time stability is 
characterized by a very small potential drift. 
The method of making ?uoride ion-sensitive dia 

phragms of this invention ensures an economical manu 
facture of such diaphragms, suitable for mass produc 
tion and ensures the use of such diaphragms for a con 
tinual and/or discontinual analysis of ?uoride ions. 

EXAMPLE 1 

A polished Si-disc (110) coated with a layer of gold of 
100 nm is then coated with a 270 nm-thick layer of 
LaF3 at the temperature of 280° C., this layer being 
applied to the gold coating by thermal vaporization at a 
vaporization speed of 0.5 nm/S—1. 
A piece of the size 6X6 mm2 is then cut off and the 

gold layer is connected with a feedback contact of a 
brass wire by means of varnish of conductive silver. 

This arrangement is glued to a pretreated cylinder of 
TEFLON with epoxide resin so that only the LaFg 
layer remains free. The electrode can be used in solu 
tions with various ?uoride ion-contents. The feedback 
contact would be connected with the high impedance 
voltmeter and the measuring circuit by a standard ca 
lomeric electrode which has been immersed in the simi 
lar solution. 
Following measure values were obtained: 

Concentration Reading 
F‘v (mol/liter) in mV 

1.10-1 -27 
1.10-2 +23 
1.10"3 +86 
1.10—4 +145 
110-5 +201 

EXAMPLE II 

A siudisc is coated with a silver layer of 100 nm. The 
thermal vaporization is carried out at the‘ temperature of 
320° C. and with vaporization speed of 0.2 nm/S'~l to 
deposit a LaF3-layer of 100 nm onto the silver coating. 
The such obtained piece is connected to the feedback 
contact in the same manner as that for Example I and 

4 
the diaphragm is used for measuring the content of F— 
in solutions. 
The measure values obtained from use of the dia 

phragm produced by the method in Example II are as 
5 follows: 

Concentration Reading 
F“ (mol/liter) in mV 

110-1 +88 
110-2 +142 1 

0 1.10—3 “ +199 
1.10—4 +257 
110-5 +313 
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A potential drift that occurred over the period of six 
months was 0.1 mV per day. 

It will be understood that each of the elements de 
scribed above, or two or more together, may also ?nd a 
useful application in other types of methods of manufac 
turing ?uoride ion-sensitive diaphragms differing from 
the types described above. 
While the invention has been illustrated and de 

scribed as embodied in a method of producing ?uoride 
ion-sensitive diaphragms, it is not intended to be limited 
to the details shown, since various modi?cations and 
structural changes may be made without departing in 
any way from the spirit of the present invention. 
Without further analysis, the foregoing will so fully 

reveal the gist of the present invention that others can, 
by applying current knowledge, readily adapt it for 
various applications without omitting features that, 
from the standpoint of prior art, fairly constitute essen 
tial characteristics of the generic or speci?c aspects of 
this invention. 
What is claimed as new and desired to be protected 

by Letters Patent is set forth in the appended claims: 
1. A method of producing ?uoride ion-sensitive dia 

phragms for particular use in ion-sensitive electrodes to 
be used for analysis of F—-ions, comprising the steps of 
providing a substrate formed of metal, salts of this 
metal, semiconductive or insulation material, or a 
multi-layer structure; and depositing immediately onto 
said substrate at substrate temperatures higher than 
200° C. a layer of difficulty soluble fluoride by 
thermal vaporization'or HF-sputtering to obtain on said 
substrate a polycrystalline layer of the thickness of 20 
nm to 5,000 nm. 
crystalline layer of the thickness of 20 nm to 5,000 nm. 

2. The method as de?ned in claim 1, wherein said 
?uoride is of lanthanide series or mixtures with other 
?uorides. 

3. The method as de?ned in claim 1, wherein said 
dif?cultly soluble ?uoride is LaFg. 

4. The method as de?ned in claim 1, wherein the 
thickness of said deposited layer is between 150 nm and 
350 nm. 

5. The method as de?ned in claim 1, wherein said 
temperatures are maintained between 280° C. and 350° 
C. 

6. The method as de?ned in claim 1, wherein a mate 
rial used for the substrate has an upper face of high 
qualities with a medium coarse depth smaller than 50 
nm. 

7. The method as de?ned in claim 1, wherein said 
depositing step is carried out with a vaporization speed 
which is not greater than 0.5 nm/S—1. 

* 1k * * * 


